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ABSTRACT
Biological knowledge of jack mackerel is not extensive,
and as yet no information on maturity or growth rate
has been documented. Analysis of fish caught in the
Southern California Bight indicates a spawning season
from March through October. By the end of their first
year, most females (70%) are capable of spawning, and
the percentage increases with age.
Weight-length curves were calculated for a 2 month
period (July and August), and for the entire year. A
von Bertalanffy growth curve was determined from
July-August data to represent size of each age group
near the designated August 1 birthdate.
-
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MATURATION AND GROWTH OF JACK MACKEREL,
TRACHURUS SYMMETRICUS
INTRODUCTION
Jack mackerel were reported in the California commercial fish catch
as early as 1888; however, these fish were of minor commercial importance
before 1947. From 1946 to 1948 a campaign was conducted by industry to
develop a market for canned jack n~ckerel. This increased interest in
jack mackerel was influenced by failure of the Pacific sardine, Sardinops
sagax caeruZeus, and Pacific mackerel, Scomber japonicus, fisheries.
The biological literature on jack mackerel is not extensive, with
the greatest part of it pertaining to: (i) taxonomy; (ii) egg and larva
distribution and survival; (iii) food habits; (iv) yield per area from
California waters; and (v) reviews of the jack mackerel fishery in
California and preliminary discussions of biological knowledge.
To contribute to our understanding of the biology of this fish,
we conducted a special study to determine length of spawning season,
age at maturity, and growth rates of jack mackerel.
METHODS
Maturation Data
Information from a monitoring program of the California commercial
jack mackerel catch was used to determine length of spawning season and
age at maturity. Data for weight, fork length (FL), and degree of sexual
maturity were taken along with otoliths (for subsequent age determination)
from 2,726 female jack mackerel caught within the Southern California
Bight (Figure 1) by commercial purse seine boats between May 1967 and
September 1969; and between October 1973 and October 1974.
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Two indices of maturity were used during these periods. The first
designates three stages of maturity based on appearance of the eggs:
immature, maturing, and mature. The second divides each stage into two
substages based on relative size of the ovaries (Table 1). As all ex-
aminations of ovaries were made externally, it was difficult to differen-
tiate a spent fish from a fish in an early stage of maturity; therefore,
a separate classification for post-spawning fish was not included.
Growth Data
Weight-length relationships were calculated for late summer
(July-August) and for the entire season*. These relationships were
determined by fitting weight-length data to an exponential curve:
where W weight (grams)
L length (millimeters)
a = constant
b slope of line after log transformation
The sample variance was computed by using the equation:
n
..
(Ex )(EY.»)i 1
*
n-2
For the purpose of aging fish the jack mackerel birthdate has been
designated as August 1: therefore the term "season", as used in this
paper, refers to a one-year period from August 1 through the following
July 31.
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where Yi = log W.1
and the standard estimate
x. = log L.
1 1
OfSbb .(~~t:~~t,;:)~)
and the standard error of the estimate of Yk is estimated by
= S [1 + (xkxy -
n
E(x. -
1
and where ~ = x, then
S
xy
iii
A computer program also was used to fit jack mackerel data to a
von Bertalanffy growth equation:
where It = total length (rom) at age t
Leo= maximum expected length (mm)
t = fitted length (mm) at age zero, extrapolated backward
o from growth pattern in later life
k a parameter related to metabolic rate
exp exponential function
This program fits a curve using a least squares procedure with
weights proportional to sample size (Tomlinson and Abramson, 1961).
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RESULTS AND DISCUSSION
Maturation
Analysis of data indicates that"mature females occur from April
through September (Table 2). There appears to be little spawning
activity from November through January and fish become increasingly more
mature in late winter and early spring months (Table 2, Figure 2).
Although immature fish were found at all times of the year, 50% or more
of the females appear to be close to or in spawning condition during the
period March through September.
The jack mackerel spawning season is similar to that of Pacific
mackerel: February through August (Calif. Mar. Res. Comm., 1950). Farris
(1961) states that spawning season extends from February through Septem-
ber, with a peak in May. Data collected from California Cooperative
Oceanic Fisheries Investigations (CaICOFI) surveys in the early 1950's
show a shorter season lasting from March through July, with a peak in
April, May, or June (Ahlstrom, 1956).
Jack mackerel are capable of spawning near the end of their first
year. Seventy percent of Age Group 0 fish were found to be mature or
maturing during June, their eleventh month (Table 2). Fish 13 months old
are classified as Age Group I and the percentage of maturation reaches
83% (Table 3). The percentage of mature and developing fish remains high
for Age Groups II and III during August.
A total of 63.1% of female jack mackerel was found to be mature or
maturing during May through September for fish 10 to 14 months of age.
During this same period, the percentage of maturation in older groups was
75.8% for 22 to 26 month old fish, and 82.2% for 34 to 38 month old fish
(Table 4).
Fitch (1956) states that 50% of female jack mackerel 250 mID (9.8 inches)
FL are sexually mature. These fish are two years old. Not until age 3,
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350 mm (13.8 inches) FL, are 100% of the female jack mackerel mature. How-
ever, according to our data, at least 70% of the 12-13 month old fish,
approximately 200 mm (7.9 inches) FL (Table 11), are sexually mature, and
over 90% of the 25 month old fish, approximately 235 mm (9.2 inches) FL
(Table 11), are mature (Figure 2).
It is not known at this time whether all individuals of an age group
spawn during any given spawning season. Fish may spawn for a short time
during the spawning season and remain in a resting or immature stage for
the remainder of the spawning period. This may account for high peak
months (Table 3) during the major spawning period (Table 4).
All fish used in the present study were caught between 0-145 km
(0-90 miles) from shore. Jack mackerel egg and larval studies conducted
in 1950-51 indicate only 9.9% of the eggs and larvae are found less than
129 km (80 miles) from shore, and the main concentration occurs between
129-386 km (80 and 240 miles) offshore (Ahlstrom and Ball, 1954). Data
from CalCOFI cruises in the early 1950's show jack mackerel spawning moves
closer inshore as the spawning season progresses (Ahlstrom, 1956). This
may account for our data revealing a later spawning season than previous
studies have shown.
Jack mackerel have been determined to be over 30 years old (Fitch,
1956), while the maximum age we encountered in this study is 27 years.
If all jack mackerel begin spawning in their first or second year (as our
results indicate), the span of reproductive years for jack mackerel is
extremely protracted for a pelagic fish.
Growth
Four seasonal weight-length curves were derived from the 1967-68,
1968-69, 1969-70, and 1970-71 seasonal data (Table 5). Three other weight-
length curves were derived from the July-August data of 1968, 1969, and
1970 (Table 6).
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An analysis of covariance was calculated, comparing the lines of re-
gression of log weight vs log length. There was a significant difference
between the four seasonal weight-length lines. A significant difference
was also found between the three weight-length curves derived from Ju1y-
August data (all differences at the 99% significance level). However,
even though both sets of curves had a significant difference statistically,
for practical purposes the differences can be ignored, as the estimates of
,
weight for a given length differ very slightly from curve to curve
(Tables 7 and 8). The maximum difference, within the limits of the data,
is 8 g for season data and 13 g for July-August data. Therefore, the
separate curves were combined into two pooled curves (Tables 7 and 8).
Using the pooled seasonal formula, a 200 rom (7.9 inch) FL fish weighs
86.4 g (Table 9), and a 300 mm (11.8 inch) FL fish weighs 319.3 g. A
200 rom (7.9 inch) FL fish weighs 89.3 g (Table 10) according to the pooled
curve for July-August data.
A von Bertalanffy growth curve was fitted to data from 913 fish. The
estimate for Age Group I was 198 rom (7.8 inches) FL (Table 11), while
328 rom (12.9 inches) FL was estimated for Age Group V. Maximum expected
length (Leo) was calculated to be 603 mm (23.7 inches) FL (Table 12).
These estimates were derived from July and August data only, and repre-
sent size at the beginning of the season for each age group.
Estimate of t from the growth curve was -3.2 years. This appears
o
to be characteristic of carangid fish off California, with one-third of
the jack mackerel's growth occurring during the first year and then pro-
gressively slower growth over a long period of time.
CONCLUSIONS
Most female jack mackerel are mature or maturing by the end of their
first year of life. The percentage of mature fish during the spawning
season increases with older age groups. The spawning season for nearshore
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0-145 km (0-90 miles) jack mackerel occurs mainly between March and
October.
The pooled seasonal weight-length curve from a least square fit is
described by
W = .0000033101 L3.223229
while the pooled curve for July-August data is described by
W = .0000031809 L3.237043
Length at age growth curve, using a von Bertalanffy formula, can
be described by
It = 602.86 l_e[-0.093504(t + 3.2520)J
These curves describe the growth characteristics for fish within
the Southern California Bight area.
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FIGURE 2. Percentage of mature or maturing fish by month.
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TABLE 1. Jack Mackerel Maturity Index
Appearance of ovary
Virgin individuals. Very small
reddish ovary with no eggs.
Maturing virgins or recovering
spents. Dark red ovaries somewhat
longer than half the ventral
cavity. Eggs very small but visible.
Ovary orange in color, and
occupying half the vent ral
cavity. Eggs clearly visible.
Orange to pink ovary occupying
two-thirds ventral cavity.
Eggs opaque.
Ovary filling ventral cavity.
Eggs large and clear.
Eggs clear and running.
Stage
(i)
immature
(g)
maturing
(G)
mature
1
2
3
4
5
6
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TABLE 2. Jack Mackerel Maturation (Females Only)
Age Group Age Group Age Group Age Group Age Group Age Group Age Group
0 I II III IV V VI
Month 1 13 25 37 49 61 ?3
i 21 3 1
Aug. g 93 60 12
G 9 4
Month 2 14 26 38 50 62 74
i 74 11 1
Sep. g 120 34 5 1
G 11 5
Month 3 15 27 39 51 63 75
i 177 87 17 6 7 1
Oct. g 134 55 11 8 4 1
G
Month 4 16 28 ,40 52 64 76
i 102 62 1 2
Nov. g 1 3 2 2
G
Month 5 17 29 41 53 65 ??
i 83 45
Dec. g 1
G
Month 6 18 30 42 54 66 78
i 34 30 2 2 6 6
Jan. g 2 2
G
Month 7 19 31 43 55 67 79 .
i 38 43 36 8 8
Feb. g 14 16 1
G
Month 8 20 32 44 56 68 80
i 1 22 20 16 1 1
Mar. g 27 66 3
G
Month 9 21 33 • 45 57 69 81
i 67 14 7 5
Apr. g 24 23 47 5
G 4
Month 10 22 34 46 58 70 82
i 77 27 7 1
Hay g 91 43 25 4 2
G 6 31 13 3
Month 11 23 35 47 59 71 83
i 29 13 5
Jun. g 67 58 17 3
G 2 23 18 3
Month 12 24 36 48 60 72 84
i 22 49 14 3 2 1
Jul. g SO 63 37 24 8 2 1
G 2 2
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TABLE 3. Highest Monthly Percentage of Mature and Maturing
Female Jack Mackerel
..
Age
I 13 months
II 25 months
III 37 months
Percentage
83%
96%
92%
Month
August
August
August
Numer Examined
123
67
13
- 18 -
TABLE 4. Maturity Index of Jack Mackerel for May Through
September
Months
i (1-2)
g 0-4)
G (5-6)
10-14
36.9%
58.5%
4.6%
22-26
24.2%
60.6%
15.2%
34-38
17.8%
61.2%
21.0%
Percentage 63.1 75.8 82.2
mature or
maturing
Number 605 426 157
examined
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TABLE 5. Constants and Standard Errors For Jack Mackerel Weight-Length
Relationships Using Seasonal Data
Numer of Standard Standard error
Season fish a b error of b of the estimate
1967-68 543 2.43207XIO-6 3.27714 .0228600 .0034292
1968-69 589 2.12704XIO-6 3.30371 .0167877 .0029057
1969-70 548 4.93343XIO-6 3.15171 .0211089 .0032126
1970-71 633 4.39088XIO-6 3.17273 .0139893 .0026778
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TABLE 6. Constants and Standard Errors For Jack Mackerel Weight-Length
Relationships Using July-August Data
Number of Standard Standard error
Year fish a b error of b of the estimate
,.
1968 390 4.20098XIO-6 3.18604 .0178924 .0033479
1969 426 3.04433XIO-6 3.24835 .0264578 .0035028
1970 481 1. 62690XIO-6 3.35946 .0346667 .0035343
.,
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TABLE 7. Some Expected Weights For Given Jack Mackerel Lengths From
Seasonal Data
1967-68 Season 1968-69 Season 1969-70 Season 1970-71 Season
Fork length weight weight weight weight
in mm grams grams grams grams
100 8.7 9.9 9.9 9.7
125 18.0 18.0 20.0 19.7
150 32.8 32.9 35.6 35.2
175 54.3 54.7 57.9 57.4
200 84.2 85.1 88.2 87.7
225 123.8 125.5 127.8 127.5
250 175.9 177 .8 178.1 178.1
275 239.0 243.6 240.5 240.9
300 317.9 324.7 316.5 317.5
1967-68 curve: W= .00000243207 L3.27714
1968-69 curve: W = .00000212704 L3.30371
1969-70 curve: W = .00000493343 L3.15171
1970-71 curve: W= .00000439088 L3.17273
Pooled curve: W = .0000033101 L3.223229
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TABLE 8. Some Expected Weights For Given Jack Mackerel Lengths
From July-August Data
1968 (July-August) 1969 (July-August) 1970 (July-August)
Fork Length weight weight weight
in mm grams grams grams
100 9.9 9.6 8.5
125 20.1 19.7 18.0
150 36.0 35.7 33.2
175 58.8 58.8 55.8
200 90.0 90.8 87.4
225 131.1 133.1 129.8
250 183.3 187.4 185.0
275 248.4 255.4 254.8
300 327.8 338.9 341.3
1968 curve: W=.00000420098 L3.186037
1969 curve: W-.00000304433 L3.248350
1970 curve: W=.00000162690 L3.359461
Pooled curve: W=.0000031809 L3.237043
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TABLE 9. Some Expected Weights For Given Lengths of Jack Mackerel
For Seasonal Pooled Curve
Expected Expected Expected
Fork length weight Fork length weight Fork length weight
(mm) grams (mm) grams (mm) grams
100 9.2 170 51.2 240 155.5
110 12.6 180 61.5 250 177 .4
120 16.6 190 73.2 260 201.3
130 21.6 200 86.4 270 227.3
140 27.4 210 101.1 280 255.6
150 34.2 220 117.5 290 286.2
160 42.1 230 135.6 300 319.3
W = .0000033101 L3.223229
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TABLE 10. Some Expected Weights For Given Lengths of Jack Mackerel
For July-August Pooled Curve
Expected Expected Expected
Fork length weight Fork length weight Fork length weight
(mm) grams (rom) grams (rom) grams
100 9.5 170 52.8 240 161.2
110 12.9 180 63.5 250 184.0
120 17.1 190 75.7 260 208.9
130 22.1 200 89.3 270 236.0
140 28.2 210 104.6 280 265.5
150 35.2 220 121.6 290 297.5
160 43.4 230 140.5 300 332.0
W .0000031809 L3.237043 ~
'.
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TABLE 11. Jack Mackerel Lengths at Various Ages
Fitted Sample Standard
Age length mean length error of Sample
(mmFL) (unnFL) sample mean size
I 197.8 199.0 2.749 100
II 233.9 235.3 1.793 100
III 266.9 267.8 2.077 100
IV 296.9 287.6 1.789 100
V 324.2 327.9 2.016 100
VI 349.0 349.5 2.482 100
VII 371. 7 373.9 2.156 100
VIII 392.3 391.9 3.238 52
IX 411.1 404.2 5.920 18
X 428.3 418.6 5.735 8
Xl 443.8 464.7 17.595 6
XlI 458.0 449.6 5.941 11
XlII 471.0 465.3 10.194 6
XlV 482.7 492.0 15.000 2
XV 493.4 499.8 5.611 11
XVI 503.2 504.8 5.131 9
XVII 512.1 513.6 5.594 10
XVIII 520.2 534.0 7.252 13
XlX 527.6 530.7 7.078 15
XX 534.3 541.3 3.419 11
XXI 540.4 537.9 6.575 14
XXII 546.0 536.6 5.934 11
XXIII 551.1 553.4 9.933 7
XXIV 555.7 553.0 10.599 3
XXV 560.0 551.5 3.500 2
XXVI 563.7 540.0 0.000 2
XXVII 567.2 533.0 0.000 2
Standard error of estimate 23.3570
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TABLE 12. Estimates of Parameters for Von Bertalanffy Growth Curve
Parameters Metabolic rate Fitted length
average maximum constant at agp zero
length mm k t 0
Estimates 602.86 0.093504 -3.2520
Standard 5.92 0.002667 0.112060
errors
